The 500R whole body X-irradiation inhibited the increase in holo -tryptophan pyrrolase activity which were induced by the single admini stration of cortisone or L-tryptophan in the adrenalectomized rats. How ever, no inhibitory effect of X-irradiation was found in the activity of holo-tryptophan pyrrolase which was induced by the combined administra tion of cortisone and L-tryptophan.
INTRODUCTION
Few studies for the effects of radiation on the induced enzyme formation in mammals have been conducted, while the effect of radiation on the induced en zyme formation in microorganisms is the subject of many studies. An adrenalectomized rat shows an increased activity of tryptophan pyrrolase after the intraperitoneal injection of cortisone or L-tryptophan' . It is well known that there are basic differences between hormone-induced and substrate-induced stimulation of tryptophan pyrrolase synthesis, as demonstrated by the effects of added microsomes2>, hematin3> on tryptophan pyrrolase activity in vitro, actinomy cin D4>, X-irradiation') on tryptophan pyrrolase formation in vivo, and as demon strated by 32P incorporation into RNA in vivo3>. The present study gives some results on the immediate effects of X-irradiation on hormone-induced and substrate-induced tryptophan pyrrolase formation in adrenalectomized rats.
MATERIALS AND METHODS
Wistar male rats (160-240g, body weight) 4 to 6 days after bilateral adrenale ctomy were used to avoid stress-induced adrenocortical secretion. The rats were given whole body X-irradiation (500 R, 180 kvp, 25 mA, 1.0 mm Cu and 0.5 mm Al, 80 cm distance, 16.3 R/min.). Immediately after irradiation, cortisone acetate and L tryptophan in 0.9% NaC1 were administered intraperitoneally in doses of 1 mg and 100 mg, respectively per 100 g of body weight. 0.9%' NaCI were injected into the control rats.
The rats were decapitated 0, 1, 2, 3 and 4 hours after injection of the inducers as described above, and portions of liver (about lg each) were collected from the rats of each group.
The combined liver samples were homogenized with 7 volumes of 0.14 M KC1 containing 0.0025 N NaOH. The supernatants obtained by centrifuga tion at 12,000 x g for 20 minutes were used as enzyme source.
Enzyme assay was carried out as described by Knox and Auerbach'), but with the following modifications.
The reactions were run aerobically in a 20 ml test tube. To determine the amount of kynurenine formed, the neutral solution of samples was diluted with water up 7 ml and read against water at 365m/-Z in a Shimadzu-Bausch & Lomb Spectronic 20. The activity of tryptophan pyrrolase was expressed as increase in optical density at 365 my in one hour per g of dry weight of enzyme.
The dry weight of enzyme was determined from 2 ml of liver extract dried for 4 hours or longer at 110°C.
Because the enzyme activities were assayed in the combined solutions from the livers in each experimental group, deviations of enzyme activity in the in dividual animals of the groups were not determined.
The deviations of percent age activity of enzyme of experimental to control animals among the experiments repeated several times are presented in the results described below. Hematin was prepared immediately before use by dissolving hemin (Sigma Chemical Co.) in dilute NaOH and adjusting pH to 7.4 with dilute HC1.
RESULTS AND DISCUSSIONS
We compared the radiation sensitivities of the induced increase in tryptophan pyrrolase activity within a few hours after X-irradiation. Fig. 1 Hematin, 2.5 J,M, was added to the reaction mix tures (Fig. 4) . The concentration of hematin used was 5-times higher than the optimal concentration reported by Greengard and Feigelson6). However, Jago and Rose 7) indicated that cell sap prepared by centrifugation at 75,000 x g for 1.25 hours showed maximal tryptophan pyrrolase activity in the presence of about 3 /.LM he matin, and that the activity of tryptophan pyrrolase in homogenates of rat liver was increased when assayed in the presence of added hematin up to a concentra tion of about 6 /LM.
It could be seen in Fig. 2(a) that the effects of added hematin were somewhat greater at 4 hours after cortisone administration in the X-irradiated than in the unirradiated rats. On the other hand, in the tryptophan induction as shown in Fig.  3(a) , no significant difference was observed in the effects of added hematin on the unirradiated and on the irradiated rat liver extracts. The values, were measured in the presence and the absence of hematin, for the activity of tryptophan pyrrolase in the liver extracts from unirradiated and irradiated animals showed a wide varia tion among experiments, despite that the assay conditions of enzyme were identi cal. However, it should be emphasised that the inhibitory effects of X-irradiation were repeatedly and consistently observed in the values of enzyme activity meas ured 3 and 4 hours following either cortisone or tryptophan administration in 3 experiments.
Therefore, the differences in the enzyme activity between irradiated and unirradiated animal groups seem to not be within the limits of normal varia tion.
Tryptophan pyrrolase exists mostly as free apo-protein which becomes satu rated with co-enzyme in the liver of adrenalectomized rats in the course of first 2 hours after tryptophan administration'), whereas the mechanism by which cortisone induces tryptophan pyrrolase is not associated with such conversion of apo-enzyme to holo-enzyme2>. In the course of the subsequent two hours, a fur ther several-fold rise in activity occurs. According to Greengard and Feigelson9>, the increased activity cannot be accounted for by the conversion of apo-tryptophan pyrrolase to holo-tryptophan but represents an increase in the level of tryptophan pyrrolase protein.
According to Greengard, the second phase in tryptophan induc tion is a direct consequence of the initial activation process : the conversion of existing apo-tryptophan pyrrolase to holo-tryptophan pyrrolase permits a faster rate of synthesis and accumulation of this enzyme. Furthermore, it has been confimed that tryptophan analogues which are inducers have also the ability to convert the endogenous apo-tryptophan pyrrolase to holo-tryptophan pyrrolase, and those which are not inducers have no effect on this conversion in the first phase'). Thus, it is likely that radiation inhibits the conversion of apo-tryptophan pyr rolase to holo-tryptophan pyrrolase (Fig. 2(c) ), whereas the formation of apo-trypto phan pyrrolase, i.e. the induction itself, is scarcely affected by X-irradiation in the case of single administration of cortisone (Fig. 2(b) ). On the other hand, it could be seen that radiation effectively prevented to similar extent the further rise both in the activities of apo-tryptophan pyrrolase ( Fig. 3(b) ) and in those of holo-try ptophan pyrrolase occurring from 2 to 4 hours after tryptophan administration (Fig. 3(c) ), whereas inhibition both in the levels of apo-tryptophan pyrrolase and in those of holo-tryptophan pyrrolase could hardly be detected during 2 hours after single administration of tryptophan. Therefore, we suspect that the con version of apo-tryptophan pyrrolase to holo-tryptophan pyrrolase is not affected by 
